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Water infiltration is a movement of water into the soil layer and infiltration rate 
is to measure its movement. Water infiltration inf1uenced by gravity, capillary action 
and soil porosity. This study describes the effect of water infiltration on unsaturated 
soil slope after downpour with certain amount of intensity. Rainfall has been the 
cause of majority of slope failures and landslides in many regions of the world. 
lncreasing in pore water pressure and reduction in shear strength means that slope 
failure will occur. For clay soil, generally wet clay has lower shear strength than dry 
clay and adsorption of water will lead to strength reduction of clay-rich soils. In the 
present study, laboratory test has been conducted to determine the physical properties 
of three types of soil collected from Kota Samarahan, Sarawak. Out of these soils, 
white soil is chosen for slope modelling due to its lower optimum moisture content 
and higher clay and silt content. A model laboratory test conducted by preparing a 
slope with different initial moisture content (10%, 20% and 30%) and various slope 
angles (i.e., 15°, 30° and 45°), maintained the same height of the slope, and 
", 
incorporates artificial rainfall with certain amount of rainfall intensity on the top of 
the slope to observe the slope deformation and slope failure. Results show that 
different angles with different percentages of moisture content have different effects 





Penyerapan air adalah pergerakan air menyusup masuk ke dalam lapisan tanah 
dan kadar penyusupan digunakan un/uk mengukur pergerakannya. Penyerapan air 
dipengaruhi oleh graviti, lindakan kapilari dan saiz rongga lanah. Kerlas kelja ini 
mel11benlangkan kesan penyerapan air alas cerun tanah separa basah selepas hujan 
dengan kadar ht!jan yang terlenlu. Hujan merupakan mqjorili punca kegagalan 
cerun dan lanah runtuh di banyak kawasan eli seluruh dunia. Peningkatan lekanan 
nil' dalam rongga tanah dan penurunan daya rincih bermaksud kegagalan cerul1 
(Ikon berlaku. Bagi lanah liat, secm"a amnya, tanah liat basah memjJunyai kurang 
daya rincih berbanding lanah lial kering dan penyerapan air akan menjurus kepada 
pengllrangan daya lanah yang kaya dengan lanah fial. Dalam kajian masa kini, 
lIjian makmal telah dijalankan unluk mengenalpasti sifat jizikal tigajenis tanah yang 
diperolehi dari Kola Samarahan, Sarawak. Daripada lanah tersebu/, tanah putih 
telah dipilih untuk dibual model cenm kerana mempunyai kandungan air optimum 
yang lebih rendah dan rnengandungi paling banyak tanah fiat dan kelodak. j\;Jakmal 
l{ji kqji model telah dijalankan dengan menyediakan cerun tanah dengan berlainan 
...-;­
kandzmgan air (10%, 20% dan 30%), sudut cerun (l5~ 300 dan 45,), mengekulkan 
kelillggian cerU/1 dan menggunakan hujan buatan dengan kadar tertentu ke alas 
permukaan cerun un/uk memantau kecacatan cerul1 dan kegagalan cerun. Kepulusan 
menunjukkan sudut yang berlainan dengan peratusan kandungan air yang berlainan 
member; kesan variasi terhadap kecacatan bentuk cerun walaupun tiada kegagalan 
cerun berlaku semasa proses htljan lebat. 
v 
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Water infiltration refers to the movement of water into the soil layer. The rate of 
this movement is called the infiltration rate. If rainfall intensity is greater than the 
infiltration rate, water will accumulate on the surface and runoff will begin. 
Movement of water into the soil is controlled by gravity , capillary action and soil 
porosity. Out of these factors , soil porosity is the most important. A soil's porosity is 
controlled by its texture, structure, and organic content. Coarse textured soils have 
larger pores and fissures than fine-grained soils and therefore allow for more water 
now. Pores and fissures fOUl,ld in soils can be made larger through a number of 
factors that enhance internal soil structure. For example, the burrowing of worms and 
other organisms and penetration of plant roots can increase the size and number of 
macro and micro-channels within the soil. The amount of decayed organic matter 
found at the soil surface can also enhance infiltration. Organic matter is generally 
more porous than mineral soil particles and can hold much greater quantities of 
water. 
Water infiltration generally caused by rainfall in water cycle as hydrology field 
is concerned. During rainfall, water will infiltrate into the soil and some quantity of 
water will flow as surface runoff. In slope stability analysis, increasing pore water 
pressure due to water infiltration contributes to slope deformation and slope 
instability where the soil started to lose its strength. Therefore, the purpose of this 
study to conduct model laboratory test by preparing a slope with various angles, 
maintained the same height of the slope, and incorporate artificial rainfall on the top 
of the slope to observe the slope deformation and slope failure after certain amount 
of rainfall intensity. Infiltration rate is also measured to determine the amount of 
water that s eps into the soil during the process . 
1.2 Objective 
The objective of this study comprises of the outcomes as below: 
a. 	 Executing laboratory tests on three types of soil for physical properties. 
b. 	 To use one type of soil for slope modelling with different angles as a variable. 
c. 	 Simulate certain amount of rain onto the top and slope surface to observe the 
water infiltration for a certain period oftime. 






LITERA TURE REVIEW 

2.1 Background 
Slope failure and landslide commonly happen when during downpour. 
Rainfall is considered the most frequent landslide-triggering factor in many regions 
of the world (Corominas, 2001). The cause of major slope failures and landslides that 
happened in regions experienced high seasonal rainfalls (Brand, 1984; Shaw-Shong, 
2004). Triggering by rainfall can be defined as a decrease in shear strength due to an 
increase in pore water pressure on the potential failure surface which finally results 
in a slope failure (Terlien, 1998). In Asia, like in Hong Kong at early 1970's, there 
was series of landslides due.Jo heavy rains and already cost lives and a large amount 
ofproperti s. The engineers carried out extensive investigation on the stability of soil 
and rock lopes as well. While elsewhere in Singapore in February 1995 with rainfall 
intensity recorded at 94.6 mm and lasted for 2.5 hours had caused more than 20 
shallow landslides on Nanyang Technological University Campus alone. According 
to the research, it was known that rainfall infiltration triggered the landslides. A 5­
day antecedent rainfall exceeding 60 mm combined with a daily rainfall greater than 
90 mm (Le. a total rainfall exceeding 150 mm over 6 days) appears to have been 
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sufficient to cause landslides in this case. In Europe, on 20th November 2000, a 
heavy storm with high intensity calculated estimated return period of more than 100 
years had caused over 50 landslides in the region of Pistola in Tuscany which is 
situated in central Italy. These failures were known to be complex earth slides-earth 
nows. 
Construction of dam influence the slope stability where water from the 
reservoir will seep through the soil and without any awareness of its infiltration 
process, the soil tends to weakening gradually due to excessive pore water pressure. 
During the mid 50's, William (1997) ever recalled his experience of designing, 
constructing and surveying Siburua Dam at the foothills of Andes situated in 
Venezuela. He mentioned that his team topped the dam in August 1957 which 
resulted slides at both north and south abutment on 15 July 1964 and 28 August 1957 
respectively. From the investigation, William (1997) surprised to know the major 
ract that increase of pore water pressure can cause earth structure's instability. Thus, 
this incident shows that earth structure including earth dam can be a failure due to 
excessive water infiltration from elevating reservoir and increases pore water 
pressure . 
Apart from that, in construction industry, lack of understanding and ignoring 
the geotechnical behaviour of soil in the partially or unsaturated state has caused a lot 
of damages to infrastructures, buildings and other structures. For instances, the 
collapsibility and volume change of partially saturated soils in connection with the 
drying or wetting causes a lot of damage in foundation, roads and other structures. 
As uch, the development of extended soil mechanics, which embraces the soil in the 
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unsaturated state or subjected to soil suction, is essential. The term 'unsaturated soil' 
means soil that is not fully saturated i.e. soil, which contains both air and water 
phases within its soils phase. In year 1959, Bishop's concept of unsaturated soil 
prefers uses the state of stress in the water phase rather than the degree of saturation 
in its analysis (Fredlund and Morgenstern, 1977; Fredlund and Rahardjo, 1993). The 
two stress state variables most commonly used are the net normal stress, ((j - ucJ and 
the matric suction, (ua - uIIJ, which is found to be the most satisfactory for 
engineering purposes (Fredlund et aI., 1978; Fredlund and Rahardjo, 1993; and 
Fredlund et al., 1978). This combination has the advantage of only one stress state 
variable is affected when the pore water pressure is changed or in other words, 
effects of change in total normal stress can be separated from the effects caused by a 
change in the pore water pressure. 
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2.2 Review on Previous Research 
A research done by Radaelli et af., 2003 on 'Empirical Analysis of Landslide 
Risk' shows that there are eighty-three landslides cases arollnd the world which have 
been collected through other literature reviews and organized them in a database to 
study parameters involved. Parameters are depending on aspects related to landslides 
occurrence as shown: 
Table 2.1: Parameters considered in database (Radaelli et af., 2003) 
Aspects Parameters 
Main characteristics Type of landslides 
Displacement 
Initiation Triggering factor 
Geology Geological formation 
Morphology Dip of slope 
Depth of sliding surface 
Area 
Volume 
Failure Displacement rate 
Human action Land use 
Consequences Damage to built environment 
Victims 
Generally, infiltration weakening slope stability, but since it is not always been 
measured off directly from the field, the assessment frequently relies on vague 
correlation with rainfalls and runoff and thus, the slope stability is influenced by a 
number of factors. Some of these factors like rainfall duration and intensity, slope 
surface cover, degree of saturation, slope angle, permeability ratios, and perched 
water table are extremely difficult to evaluate (Huat et af., 2005). In fact, the design 
of slope is mostly based on experiences which results slope failure and landslides by 
the cause of heavy and long duration of rainfall or antecedent rainfall. 
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Based from the research of Huat et af. (2005), the mechanism of the slope 
failures is believed to occur due to the lost of matric suction of soils by rainwater. 
When the rainwater infiltrates into the slopes, it will saturate the soil and 
subsequently reduce the matric suction. Meanwhile, rainwater's wetting front 
continuously directed into the soil even at the time the rain has stopped. This 
movement will only stop after reaching to a state of an equilibrium or steady 
condition. An infi ltration test is carried out on a field to determine the infiltration rate 
of the soil by using Geonor P-88 infiltrometer. 
PIT LINER 
Figure 2. FField Infiltration Test (Huat et af., 2005) 
In the laboratory, modelling of soil slope is used and the variables involved 
including slope angle and surface cover and non-surface cover comparison. Geo­
synthetic net and grass became the surface cover throughout the experiment. The 
purpose of conducting this laboratory is to know effect of slope angle and surface 
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Figure 2.2: Laboratory Model (Huat et at., 2005) 
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Figure 2.4: Small Tip Tensiometer CHuat et aI., 2005) 
Results showed that increasing angle of slope will reduce infiltration. Geosynthetic 
net as well as gra s cover also helps to reduce infiltration but eventually grass can 
only shows its effect on the shallow depth of soil. 
Matric suction is one of the main stress variables in unsaturated soil theory 
(Fredlund and Morgenstern, 1977; Fredlund and Rahardjo, 1987). The existence of 
matric suction will increase the strength of the soil. A deep ground water table 
condition is normal in hilly ~rea of the tropical countries. In this case, the negative 
pore water pressure or matric suction plays an important role in controlling the soil 
shear strength and consequently the stability of many steep slopes. Shallow 
landslides often occur in steep residual soil slopes after heavy and prolonged rainfall. 
When water starts to infiltrate into the soil, the matric suction especially near the 
ground surface will slowly reduce and become zero as the soil approaches saturated 
condition. The significant reduction in matric suction is known to cause a decrease in 
the soil shear strength that subsequently produces shallow landslides. 
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